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Description 

APPARATUS AND METHOD FOR LIGHT 
WEIGHT HIGH PERFORMANCE TARGET 

Background of Invention 

[0001] The present invention relates generally to an x-ray anode, 
and more particularly, to an x-ray anode having graded 
coefficient of thermal expansion material layers between 
the substrate and the target material. 

[0002] There is a desire in the medical imaging industry to ac- 
commodate an increasing customer preference for shorter 
scan times in Computed tomography (CT) x-ray scanners. 
In order to accomplish the shorter scan times, the x-ray 
tube on the CT scanner is rotated around a gantry at in- 
creasing speeds and the instantaneous power of the x-ray 
tube directed at the target material on the anode must be 
increased to maintain X-ray flux. These two requirements 
require the target diameter on the anode to be maximized 
within the allowable design envelope and the anode rota- 
tion speed to be increased in order to allow the target to 



handle the high powers required by the shorter scan 
times. 

[0003] As the x-ray tube on the CT scanner is rotated around a 
gantry at increasing speeds, the Hertzian load on the an- 
ode bearings dramatically increases. Also, by increasing 
instantaneous power on the anode, there is an increase in 
localized temperature on the target of the anode and an 
increase in temperature variation across the anode. The 
current anode materials of construction limit the allowable 
load and instantaneous power that the anode may be sub- 
jected to. Thus, the parameters (target diameter and an- 
ode rotation speed) are limited by excessive mass, e.g. 
formed from a solid target material, or unacceptable burst 
strength of the target material on the anode. The exces- 
sive mass increases the load upon the anode bearings; 
therefore it is desirous to have lighter target material. The 
localized temperature and temperature variation affects 
the burst strength, therefore it is desirous to have an an- 
ode that is less susceptible to the temperature variations 
by increasing its strength (burst resistance). 

[0004] U.S. Pat. No. 6,554,179 teaches a method of reaction 

brazing a solid target material made from refractory met- 
als to a carbon composite to achieve phase stability be- 



tween the materials and to achieve high thermal conduc- 
tivity, which dissipates the localized heat generated on the 
target material. A slurry coating is applied to graphite or 
carbon composite containing reactive metal carbides, re- 
fractory metal borides, and metal powders to form a layer 
to which the solid refractory metal alloy can be brazed. 
The target material is made from solid refractory metal al- 
loys of tungsten (W) or Molybdenum (Mo). The carbona- 
ceous material is preferred to have a matched coefficient 
of thermal expansion with the target material, otherwise 
high strains result between the materials during expected 
temperature excursions. The solid target material adds a 
significant amount of weight to the anode, thus increasing 
the overall density of the anode. Furthermore, various 
methods of making the slurry coating are taught, includ- 
ing methods of applying the slurry to the x-ray anode. 
Also, heat-treating temperatures and durations are pre- 
sented for bonding the various refractory metal to the 
carbonaceous support. 
[0005] It would therefore be desirable to provide an x-ray anode 
capable of handling an increased target diameter and an- 
ode rotation speeds by designing a lighter weight anode 
having materials with high strength (burst resistance). 



high thermal conductivity and reduced strain between the 

material layers, while ensuring phase stability in the target 

region over the life of the anode. 
Summary of Invention 

[0006] The present invention provides an x-ray anode for use in 
an x-ray tube. The x-ray anode includes a substrate ma- 
terial, a target material, and one or more graded coeffi- 
cient of thermal expansion material layers. The target ma- 
terial is coupled to the one or more layers of graded coef- 
ficient of thermal expansion (CTE) material, and the layers 
of graded CTE material are coupled to the substrate mate- 
rial. 

[0007] A first method of making an x-ray anode includes provid- 
ing a substrate having a target location, coating the target 
location of the substrate with a slurry mixture to form one 
or more graded CTE material layers, drying the coating, 
and depositing a target material on the outer most surface 
of the one or more layers of graded CTE material. The tar- 
get material, material layers and substrate material are 
then heated to bond them all together. 

[0008] A second method of making an x-ray anode includes pro- 
viding a substrate having a target location, coating the 
target location of the substrate with a slurry mixture to 



form one or more graded CTE material layers, sintering 
the coating, depositing a target material on the outer 
most surface of one or more layers of graded CTE materi- 
als, and then heating to bond the target material, material 
layers and substrate material. 

[0009] One advantage of the invention is that an overall lower 

density of the anode is achievable. This enables the diam- 
eter of the anode to be increased without overloading the 
bearings. Additionally, the large diameter, lightweight tar- 
get may operate in rotation speed ranges well in excess of 
conventional anodes because the anode has been de- 
signed to withstand the higher stress and strains caused 
by the loading. Furthermore, the chemistry of the graded 
CTE material layers reduces the propensity for undesirable 
formation, such as tungsten carbide formation, improving 
the anode's reliability over its life. Also, the target adher- 
ence and reliability over the x-ray tube life are enhanced 
by grading the slurry mixture layers with differing CTEs so 
that even a substrate having very low or a high CTE may 
still retain the refractory metal target intact. 

[0010] Other aspects and advantages of the present invention will 
become apparent upon the following detailed description 
and appended claims, and upon reference to the accom- 



panying drawings. 
Brief Description of Drawings 



[0011] Figure 1 is a partial cross-sectional view of an x-ray an- 
ode according to one embodiment the present invention. 

[0012] Figure 2 is a partial cross-sectional view of an x-ray an- 
ode according to another embodiment the present inven- 
tion. 

[0013] Figure 3 shows a method of making an x-ray anode ac- 
cording to the present invention. 
[0014] Figure 4 shows an alternate method of making an x-ray 

anode according to the present invention. 
Detailed Description 

[0015] In the following figures the same reference numerals will 
be used to illustrate the same components in the various 
views. The present invention is described with respect to a 
computed tomography device. However, those skilled in 
the art will recognize that the present invention has sev- 
eral applications within the medical imaging field and out- 
side the medical imaging field. That is, the present inven- 
tion is suitable for applications that employ rotating x-ray 
anodes. The present invention is also suitable for applica- 
tions that require a static x-ray anode having a substrate 



material with differing physical properties from the target 
material. 

[0016] Referring now to Figure 1, a partial cross-sectional view of 
an x-ray anode 10 is illustrated having a substrate mate- 
rial 12 and a target material 14 coupled together through 
one or more layers 16 of graded coefficient of thermal ex- 
pansion (CTE) material. Although an x-ray anode 10 is il- 
lustrated, the present invention applies equally to other 
types of x-ray anodes for use in x-ray tubes. 

[0017] The substrate material 12 of this embodiment is made 
from compatible material for use in supporting a refrac- 
tory metal for use in an x-ray anode application. The sub- 
strate material 12 is chosen for its hoop strength. The 
substrate material 12 has a maximized thermal conduc- 
tivity, primarily in the through-thickness direction as 
would be recognized by one having skill in the art of x- 
ray anodes. Also, the material is chosen having other 
properties such as low density and higher emissivity. Ide- 
ally, although not required, the substrate material 12 is 
made from a lightweight material. The substrate material 
12 may be made from a composite or monolithic material. 
Depending upon the material selected for the substrate 
material 12, it may have a coefficient of thermal expan- 



sion (CTE) around 0 or 1x10 / C, ranging as high as 
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9x10 / C. The CTE of the substrate material is not criti- 
cal and may have any value. The CTE of the substrate ma- 
terial will be used in order to determine the desired CTE of 
each of the graded coefficient of thermal expansion layers 
used to couple the substrate to the target. 

[0018] jhe substrate material 12 may be a carbonaceous or car- 
bon-fiber material. Also, the carbon based substrate ma- 
terial 12 may be a woven structure of high strength car- 
bon fibers having a low coefficient of thermal expansion 
in the plane of the target face. Alternatively, the carbon 
based substrate material 12 is tailored having a woven 
composite for maximum hoop strength via the use of a 
cylindrical weave of high strength fibers, and having a 
maximum thermal conductivity in the through thickness 
and radial directions having fibers with high thermal con- 
ductivity in these directions. Other carbonaceous materi- 
als are also contemplated for the substrate material 12 in- 
cluding, graphite, pyrolytic graphite, fiber- re info reed py- 
rolytic graphite and carbon-carbon composites. 

[0019] Furthermore, the substrate material 12 is prepared for use 
as an x-ray anode 10 and has a prepared surface between 
a first location 13 and a second location 15 for coupling 



of one or more graded coefficient of tliermal expansion 
material layers 16 and a target material 14 thereto. The 
target location or surface between a first location 13 and a 
second location 15 is shown primarily as a flat surface 
with a small side wall, wherein the one or more graded 
coefficient of thermal expansion material layers 16 are 
immediately adjacent the substrate material 12 at first lo- 
cation 13. Alternatively, the surface of the substrate ma- 
terial 12 between a first location 13 and a second location 
15 may be a substantially straight surface. Also, although 
shown differently in this embodiment, the graded coeffi- 
cient of thermal expansion material layers 16 need not be 
immediately adjacent the substrate material 12 at first lo- 
cation 13. However, the first layer 17 of the one or more 
graded coefficient of thermal expansion material layers 16 
is coupled to the substrate material 12 between the first 
location 13 and the second location 15. 
[0020] The target material 14 of this embodiment is made from 
refractory metals suitable for use in an x-ray anode appli- 
cation. The target material 14 may be made from elemen- 
tal tungsten or elemental molybdenum. The target mate- 
rial 14 may be made from a molybdenum alloy, e.g. TZM 
or TZC (such as 99% Mo and 1% Ti + Zr + C). Also, the 



target material 14 may be made from a tungsten alloy 
containing an amount of Rhenium Re (such as 95% tung- 
sten and 5% Re). These single crystal or polycrystalline 
materials typically have coefficients of thermal expansion 
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in the range of 4 to 6x10 / C. The target material 14 is 
coupled to the one or more graded coefficient of thermal 
expansion material layers 16. 
[0021] In this embodiment of the invention, the target material 
14 may be made by using chemical vapor deposition 
(CVD), physical vapor deposition (PVD), or low pressure 
plasma spray (LPPS) to couple the alloy or elemental re- 
fractory metal to the thermal expansion material layers 16 
coupled to the substrate material 12 of x-ray anode 10. A 
lightweight target is achieved by using CVD, PVD, or LPPS 
methods to form a light composite or monolithic material 
(having an overall lower density of the anode) on the tar- 
get material 14, resulting in the x-ray anode tailored for 
maximum burst strength and thermal conductivity while 
exhibiting the desired properties of lower stress and 
strain due to temperature fluctuation expected in its in- 
tended operation without concern for its CTE. The lower 
overall density of the x-ray anode enables the design en- 
velope to be expanded for higher performance. 



[0022] Alternatively, the target material 14 may be made from a 
solid single crystal or polycrystalline material, which will 
improve the strength of the x-ray anode 10 when it is 
coupled to the thermal expansion material layers 16, by 
making it less susceptible to stress and strain caused by 
thermal variations without concern for CTE of the material 
layers. 

[0023] The graded coefficient of thermal expansion material lay- 
ers 16 coupling the substrate material 12 to the target 
material 14 are made from a slurry mixture. The graded 
coefficient of thermal expansion material layers 16, in this 
embodiment of the present invention, has three layers, 
i.e., a first layer 17, a second layer 18, and a third layer 
19. Although three layers are shown, one or more layers 
are acceptable. The slurry mixture includes, in any combi- 
nation, materials including, but not limited to, tungsten, 
tungsten borides, tungsten carbides, molybdenum, 
molybdenum borides, molybdenum carbides, zirconium, 
hafnium, hafnium carbides, binders or other materials 
taught in the prior art. The refractory metals and their 
constituent carbides and borides are typically provided in 
the slurry mixture as fine particulate powders (typically 
having a particle size smaller than 50 pim). Carbon fibers 



are then added to the slurry mixture in sufficient quanti- 
ties to achieve a desired CTE. Different slurry mixtures are 
made for each graded layer 17, 18, 19 having different 
CTEs. The carbon added to the slurry mixture may be 
chopped carbon fiber, carbon fibers or other materials 
having the desired CTE increasing or reducing properties. 
Specifically, the coefficient of thermal expansion of the 
slurry mixture for each dried layer in the one or more 
graded coefficient of thermal expansion material layers 16 
may be varied by increasing or decreasing the carbon 
fibers in the mixture, i.e., the key to grading the expan- 
sion coefficient is by altering the carbon fibers in the 
slurry mixture for each of the graded layers. 
[0024] The carbon fibers may be of any form including chopped 
and fibrous carbon fibers. The carbon fibers may be 
chopped pitch fibers with CTE along the fiber axis in the 0 
to lxlO~ /° C range. The carbon fibers may be added, as 
necessary, to the slurry mixture in order to achieve the 
required coefficient of thermal expansion. For example, 
for a thermal expansion material layer 16 having three 
layers, the carbon fibers may be added in volumes of 67%, 
50%, and 33% to the slurry mixture for three layers, re- 
spectfully. In another example having only two thermal 



expansion material layers, the carbon fibers may be added 
in volumes of 67% and 33%. Of course the volume of the 
carbon fibers added to each layer will depend upon the 
desired CTE of each layer. These embodiments provide a 
layer 16 with graded CTEs. 

[0025] Each of the one or more graded coefficient of thermal ex- 
pansion material layers 16 is coupled sequentially upon 
the substrate material. Specifically, as shown in this em- 
bodiment, the first layer 17 is coupled to the substrate 
material 12 between the first location 13 and the second 
location 15. The third layer 19 is coupled to the second 
layer 18, which is coupled to the first layer 17. Addition- 
ally, each of the layers 17, 18, 19 may be layered horizon- 
tally from the substrate surface. 

[0026] In this embodiment of the present invention, each of the 
graded coefficient of thermal expansion material layers 
has an approximate coefficient of thermal expansion (CTE) 
averaging between each of the adjacent materials. For ex- 
ample, each of the three graded layers 17, 18, 19 will 
have a CTE of 2, 3, and 4xl0~^/° C, respectively, on the x- 
ray anode 10 with a substrate material 12 having a CTE of 
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lxlO~ / C and a track material 14 having a CTE of 5x10 
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~ / C. Alternatively, one would recognize that the gradi- 



ent may be in the other direction. Also, one would recog- 
nize that the desired CTE of each material layer would de- 
pend upon the desired number of material layers and the 
CTE of the substrate and track materials. 
[0027] Optionally, each of the one or more graded coefficient of 
thermal expansion material layers 16 may have differing 
CTEs. For example, the substrate material 12, the target 
material 14, the first layer 17, the second layer 18, and 
the third layer 19 may have CTEs of 1, 6, 1.5, 4, and 5x10 
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~ / C, respectively. The CTE of each layer may differ. 
Preferably each layer of the x-ray anode has a CTE that 
differs by 2xlO~^/°C; and more preferably by 1x10"^/° C. 
Also, each layer of the x-ray anode may have a CTE that 
differs by less than 1x10"^/° C. 

[0028] In the embodiments described, the x-ray anode 10 is a 
rotating x-ray anode. Alternatively, the x-ray anode may 
be any other type of x-ray anode. 

[0029] Referring now to Figure 2, a partial cross-sectional view of 
an x-ray anode 20 according to another embodiment of 
the present invention is illustrated having a substrate ma- 
terial 22 and a target material 24 coupled together 
through one or more graded coefficient of thermal expan- 
sion material layers 26. Again, although an x-ray anode 



20 is illustrated, the present invention applies equally to 
other types of x-ray anodes for use in x-ray tubes. 

[0030] The substrate material 22 is prepared for use as an x-ray 
anode and has a prepared surface, i.e. target location, be- 
tween a first location 23 and a second location 25 for 
coupling of one or more graded coefficient of thermal ex- 
pansion material layers 26 and a target material 24 
thereto. The surface of the substrate material 22 between 
a first location 23 and a second location 25 is shown hav- 
ing a curved surface (not having a side wall as shown in 
Figure 1). Alternatively, one will recognize that the surface 
between a first location 23 and a second location 25 may 
be a straight or substantially straight. 

[0031] The graded coefficient of thermal expansion material layer 
26, in this embodiment of the present invention, has two 
layers, i.e., a first layer 27, and a second layer 28. Al- 
though two layers are shown, one or more layers are ac- 
ceptable. 

[0032] In this embodiment of the present invention, each of the 
graded coefficient of thermal expansion material layers 
has an approximate coefficient of thermal expansion (CTE) 
averaging between each of the adjacent materials. For ex- 
ample, the two graded layers 27, 28 will have a CTE of 2.5 



and 4x10 / C, respectively, on the x-ray anode 20 with 
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a substrate material 22 having a CTE of 1x10 / C and a 
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track material 24 having a CTE of 5.5x10 / C. Alterna- 
tively, one would recognize that the gradient may be in 
the other direction. Also, one would recognize that the 
desired CTE of each material layer would depend upon the 
desired number of material layers and the CTE of the sub- 
strate and track materials. 
[0033] Optionally, each of the one or more graded coefficient of 
thermal expansion material layers 26 may have differing 
CTEs. For example, the substrate material 22, the target 
material 24, the first layer 27, and the second layer 28 
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may have CTEs of 1, 6, 2, and 5xlO~ / C, respectively. 
The CTE of each layer may differ. Preferably each layer of 
the x-ray anode has a CTE that differs by 2x10"^/° C; and 
more preferably by 1x10"^/° C. Also, each layer of the x- 
ray anode may have a CTE that differs by less than 1x10 

"Vc. 

[0034] In the embodiments described, the x-ray anode 20 is a 
rotating x-ray anode. Alternatively, the x-ray anode may 
be any other type of x-ray anode. 

[0035] Figure 3 shows a method of making an x-ray anode ac- 
cording to the present invention. The method of making 



an x-ray anode includes providing a substrate liaving a 
target location, coating the target location of the sub- 
strate with a slurry mixture that forms the one or more 
graded coefficient of thermal expansion material layers, 
and drying the material of each CTE layer. Thereafter, a 
target material is deposited on the outer most surface of 
the one or more graded coefficient of thermal expansion 
material layers. Finally, the target material, material layers 
and substrate material are heated in order to bond them 
together. 

[0036] The substrate is selected having a material and shape 
suitable for use as an x-ray anode. 

[0037] Each of the one or more graded coefficient of thermal ex- 
pansion material layers is formed by coating the target lo- 
cation of the substrate with the slurry mixture (described 
above) having a specific CTE for each layer. Each coating 
is applied using techniques known to those having skill in 
the art. The coatings are allowed to dry after the slurry 
mixture is applied on each of the required layers. Option- 
ally, each coating of the slurry mixture may be allowed to 
dry before applying the next coat. The drying is accom- 
plished at 125^ C or at an acceptable temperature known 
to those in the art. In some instances, the drying temper- 



ature will need to be elevated to a sintering temperature 
before applying the next layer. 
[0038] The target material is then deposited onto the graded co- 
efficient of thermal expansion material layers. The target 
material may be deposited by using CVD, PVD, or other 
methods know to those in the art. Optionally if the target 
material is a solid, its shape must be formed to fit the 
substrate with the graded CTE layers positioned there be- 
tween. 

[0039] The last step in the method is to heat the x-ray anode at a 
temperature that will bond the target material, the graded 
coefficient of thermal expansion material layers, and the 
substrate material together. The temperature and duration 
of the heat-treating will be dependent upon the material 
combination of the substrate, the slurry used to form the 
graded CTE layers, and the target. A method of heat- 
treating is cited in the referenced patent (see above) and 
is known to those having skill in the art. A typical heat- 
treating temperature for layers containing Hf compounds 
is 1865° C and for layers containing no Hf compounds is 
2350° C. 

[0040] One example of making an x-ray anode is by heat- 
treating it at a temperature of 2350° C after the x-ray an- 



ode is made. The x-ray anode is made from a substrate 
liaving a woven structure of liigli strength carbon fibers, 
three CTE material layers applied to the substrate that 
forms the graded CTE layer, where each of the three layers 
are made from a slurry mixture (containing W, W2B, WC, 
chopped carbon fibers, and binders) with a differing CTE 
in each layer and each layer is dried after it is applied, and 
a target made from tungsten alloy (95% W, 5% Re) using 
CVD method to deposit the target material upon the sur- 
face of the graded CTE layer. 
[0041] Optionally, the heat-treating may include a weight applied 
to the target material to facilitate the bonding process of 
the materials. 

[0042] Figure 4 shows an alternate method of making an x-ray 
anode according to the present invention. The method of 
making an x-ray anode includes providing a substrate 
having a target location and then coating the target loca- 
tion of the substrate with a slurry mixture that forms the 
one or more graded coefficient of thermal expansion ma- 
terial layers. Thereafter the coating is sintered and a tar- 
get material is deposited on the outer most surface of the 
one or more graded coefficient of thermal expansion ma- 
terial layers. Finally, the target material, material layers 



and substrate material are heated in order to bond tliem 
together. 

[0043] Each of the one or more graded coefficient of thermal ex- 
pansion material layers is formed by coating the target lo- 
cation of the substrate with the slurry mixture (described 
above) having a specific CTE for each layer. The coatings 
are sintered after the slurry mixture is applied for each of 
the required layers. Optionally, each coating of the slurry 
mixture may be sintered after it is applied. The sintering 
temperature will depend upon the materials selected for 
the slurry and the substrate. The sintering may be at 1865 
C or at an acceptable temperature known to those in the 
art. For example the sintering temperature may be at 
1865° C, where the x-ray anode is made from a woven 
structure of high strength carbon fibers, one or more 
graded coefficient of thermal expansion layers made from 
a slurry mixture (containing W, W2B, HfC, Hf, chopped 
carbon fibers, and binders) with a differing CTE in each 
layer. 

[0044] The target material is then deposited onto the graded co- 
efficient of thermal expansion material layers. The target 
material may be deposited by using CVD, PVD, LPPS, or 
other methods know to those in the art. Optionally, if the 



target material is a solid, its shape must be formed to fit 
the substrate with the graded CTE layers positioned there 
between. 

[0045] The last step in the method is to heat the x-ray anode at a 
temperature that will bond the target material, the graded 
coefficient of thermal expansion material layers, and the 
substrate material together. The temperature and duration 
of the heat-treating will be dependent upon the material 
combination of the substrate, the slurry used to form the 
graded CTE layers, and the target. A method of heat- 
treating is cited in the referenced patent (see above) and 
is known to those having skill in the art. A typical heat- 
treating temperature for layers containing Hf compounds 
is 1865° C and for layers containing no Hf compounds is 
2350° C. 

[0046] One example of making an x-ray anode is by heat- 
treating it at a temperature of 1865° C after the x-ray an- 
ode is made. The x-ray anode is made from a substrate 
having a woven structure of high strength carbon fibers, 
three CTE material layers applied to the substrate that 
forms the graded CTE layer, where each of the three layers 
are made from a slurry mixture (containing W, W2B, HfC, 
Hf, chopped pitch carbon fibers, and binders) with a dif- 



fering CTE in each layer and each layer is sintered after it 
is applied, and a target made from tungsten alloy (95% W, 
5% Re) using PVD method to deposit the target material 
upon the surface of the graded CTE layer. 

[0047] Another example of making an x-ray anode is by heat- 
treating it at a temperature of 2350° C after the x-ray an- 
ode is made. The x-ray anode is made from a substrate 
having a woven structure of high strength carbon fibers, 
two CTE material layers applied to the substrate that 
forms the graded CTE layer, where each of the three layers 
are made from a slurry mixture (containing W, W2B, WC, 
chopped carbon fibers, and binders) with varying CTEs in 
each layer and each layer is sintered after it is applied, 
and a target made from tungsten alloy (95% W, 5% Re) us- 
ing LPPS method to deposit the target material upon the 
surface of the graded CTE layer. 

[0048] Optionally, the heat-treating may include a weight applied 
to the target material to facilitate the bonding process of 
the materials. 

[0049] While the invention has been described in connection with 
one or more embodiments, it should be understood that 
the invention is not limited to those embodiments. On the 
contrary, the invention is intended to cover all alterna- 



lives, modifications, and equivalents, as may be included 
within the spirit and scope of the appended claims. The 
disclosures of all U.S. patents mentioned hereinbefore are 
expressly incorporated by reference. 



